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Pressure sensor unit 



(57) A pressure sensor unit which comprises (i) a 
housing (1), (ii) pressure sensor members installed 
therein including a mount (3), the bottom of which is 
fixed to the inner base of the housing (1 ) by means of an 
adhesive (2), a sensor chip (4) firmly bonded to the top 
of the mount, terminals (5) disposed on the inner base 
of the housing and bonding wires (6) connecting the 
sensor chip (4) to their respective terminals (5), and (iii) 
a sealant (8) filling the housing (1) so that all the pres- 
sure sensor members are completely buried therein; 
with the terminals (5) being covered with a fluorinated 
polymer-containing composition functioning as adhe- 
sive (7) in at least an upper part thereof and with the 
sealant (8) being a fluorinated polymer-containing gel 
material, wherein the composition as adhesive (7) is 
similar in fluorinated polymer to the gel material. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a pressure 
sensor unit and, more particularly, to a pressure sensor 
unit that is sealed with a fluorinated polymer-containing 
material for protection to acquire an extended endur- 
ance span. 

BACKGROUND OF THE INVENTION 

[0002] For the purpose of protecting a semiconduc- 
tor device, such as a pressure sensor, against electric, 
mechanical or/and chemical impacts from outside, it 
has so far been known to install the semiconductor 
device in a housing and fill the vacant part of the hous- 
ing with a gel material having excellent characteristics, 
including high electric insulation and strong resistances 
to thermal impact, vibration and both high and low tem- 
peratures. The gel materials prevailingly used for seal- 
ing up the housing are silicone resins, but the silicone 
resin gel has drawbacks of swelling in solvents, such as 
toluene, gasoline and gasohol, having high moisture 
permeability in spite of good water resistance and being 
subject to deterioration from chemicals, such as a 
strong acid and a strong alkali. 

[0003] In the field requiring gasoline resistance, 
water resistance and chemical resistance in addition to 
the aforementioned characteristics, it is therefore indis- 
pensable to use a fluorinated polymer-containing gel 
material having all the required characteristics. For 
instance, the pressure sensor unit used for pressure 
detection of fuel gas or exhaust gas of the engine in a 
car undergoes not only changes in pressure and tem- 
perature but also exposure to gasoline vapor, water 
vapor and acidic exhaust gases, so that the gel materi- 
als of fluorinated polymer-containing type are used as a 
suitable sealant for protecting the unit from the forego- 
ing external impacts (Tokkai Hei 11-116685, and the 
term Tokkai" as used herein means an "unexamined 
published Japanese patent application). 
[0004] As an example of the material forming such 
a fluorinated polymer-containing gel sealant, the cura- 
ble perfluoropolyether resin composition has so far 
been proposed, which is constituted basically of (A) a 
straight-chain fluoropolyether compound containing an 
alkenyl group in each molecule and having a perfluor^ 
opolyether structure in the main chain, (B) a fluorine- 
containing organic silicon compound containing in each 
molecule a hydrogen atom bonded to a silicon atom and 
(C) a platinum group compound. 
[0005] However, when the pressure sensor unit is 
sealed with only the gelled perfluoropolyether resin 
composition as mentioned above and put in an environ- 
ment that the unit undergoes repeated changes in tem- 
perature and pressure in the atmosphere of the 
aforementioned gases, the gas bubbles are produced in 



the gel, and the produced bubbles grow or move to gen- 
erate cracks in the gel or cut the bonding wires. As a 
result, there occurs a problem that not only the protec- 
tive function of the gel but also the sensory function of 
5 the unit itself is lost. 

SUMMARY OF THE INVENTION 

[0006] As a result of our intensive studies to solve 
io the aforementioned problem, it has been found that the 
endurance span of a pressure sensor unit can be 
lengthened by covering at least the upper part of termi- 
nals with a film of fluorinated polymer-containing adhe- 
sive prior to sealing with a gel hitherto employed for 
15 pressure sensor units, thereby achieving the present 
invention. 

[0007] Therefore, an object of the present invention 
is to provide a pressure sensor unit having sufficient 
durability even when the pressure sensor unit is used in 
20 an environment that it undergoes changes in tempera- 
ture and pressure, and besides, it is exposed to the 
atmosphere of gasoline vapor, water vapor and acidic 
exhaust gases. 

[0008] The aforementioned object of the invention 

25 is attained with a pressure sensor unit comprising (i) a 
housing, (ii) pressure sensor members installed therein 
which include a mount the bottom of which is fixed to the 
inner base of the housing by means of an adhesive, a 
sensor chip firmly bonded to the top of the mount, termi- 

30 nals disposed on the inner base of the housing and 
bonding wires connecting the sensor chip to their 
respective terminals, and (iii) a sealant filling the hous- 
ing so that all the pressure sensor members are com- 
pletely buried therein; with the terminals being covered 

35 with a film of fluorinated polymer-containing composi- 
tion functioning as adhesive (hereinafter referred to as 
"fluorinated polymer-containing adhesive", too) in at 
least an upper part thereof, and the sealant being a 
fluorinated polymer-containing gel material, wherein the 

40 composition as adhesive is similar in fluorinated poly- 
mer to the gel material. 

[0009] In the present pressure sensor unit, the ter- 
minals are covered with a film of fluorinated polymer- 
containing adhesive in their respective upper parts, and 

45 further entirely buried under the gel sealant. Therefore, 
they are hard to undergo the influences of gasoline 
vapor, water vapor and acidic exhaust gasses even 
when the unit is exposed to the atmosphere containing 
those vapors and gases. Further, even when the unit is 

so put under a condition to suffer changes in pressure and 
temperature, the sealant is effectively prevented from 
producing gas bubbles and generating cracks; as a 
result, the pressure sensor buried in the sealant can 
have a substantial improvement in endurance span. 

55 Accordingly, the present unit is useful as a pressure 
sensor unit loaded in cars. 
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BRIEF DESCRIPTION OF DRAWING 
[0010] 

Fig. 1 is a vertical section of one embodiment of a 
pressure sensor unit according to the present 
invention. 

[0011] Therein, the numerals 1 to 8 denote the fol- 
lowing pressure sensor members respectively, and the 
numeral 9 denotes a pressure sensor unit; 

1: housing 

2: adhesive 

3: mount 

4: sensor chip 

5: terminal 

6: bonding wire 

7: fluorinated polymer-containing adhesive 
8: fluorinated polymer-containing gel sealant 

DETAILED DESCRIPTION OF THE INVENTION 

[0012] The invention is illustrated more specifically 
using the drawing inserted herein as Fig. 1 . 
[0013] Fig. 1 shows a vertical section of an example 
of the present pressure sensor unit. Therein, the 
numeral 1 denotes a housing, the numeral 2 an adhe- 
sive, the numeral 3 a mount, the numeral 4 a sensor 
chip, the numeral 5 a terminal connected to an external 
electrode, the numeral 6 a bonding wire connecting the 
sensor chip 4 to one of the terminals 5, the numeral 7 a 
fluorinated polymer-containing adhesive, and the 
numeral 8 a fluorinated polymer-containing gel sealant. 
[0014] More specifically, the housing 1 is made from 
a resin, such as poly(phenylene sulfide) resin (generally 
abbreviated as "PPS"), and has an open top. At the cen- 
tral part of the housing 1 is disposed a sensor chip 4 
which is firmly bonded to a mount 3 made of, e.g., glass. 
The internal pressure of the housing 1 is detected by the 
sensor chip 4. The mount 3 is fixed to the inner base of 
the housing 1 by means of an adhesive 2. As the adhe- 
sive 2, it is desirable to use a fluorinated polymer-con- 
taining adhesive, such as an adhesive of fluorosilicone 
or perfluoropolyether type. 

[0015] Inside the housing 1 , at least two terminals 5 
are disposed. One end of each terminal is connected to 
the outside, and the other end thereof is connected to 
the sensor chip 4 via a bonding wire 6. The pressure 
signals detected by the sensor chip 4 can be taken out 
from each terminal 5 to the outside. The adhesive film 7 
covering the upper part of the terminals 5 is similar in 
fluorinated polymer to the gel sealant 8 illustrated 
below, and can be formed by curing a thermally curable 
liquid perfluoropolyether resin composition. Examples 
of a fluorinated polymer-containing adhesive usable for 
the foregoing purpose include those disclosed in JP-A- 
9-95615. 



[0016] Herein, the upper part of the terminals 5 is 
covered with an adhesive composition and then sub- 
jected to heating at a temperature of no higher than 
200°C, preferably from 1 00 to 200°C, for several min- 

5 utes to several hours. As a result, the adhesive compo- 
sition is formed into a film adhering to the surfaces 
brought into contact therewith. The adhesive composi- 
tion may be cured or may remain uncured before the 
fluorinated polymer-containing gel composition is cast 

10 in the housing. For the purpose of raising the adhesive- 
ness at the interface between the fluorinated polymer- 
containing adhesive 7 and the fluorinated polymer-con- 
taining gel sealant 8, it is desirable that after filling the 
fluorinated polymer-containing gel composition the 

15 adhesive composition and the gel composition be cured 
simultaneously. Examples of a fluorinated polymer-con- 
taining gel composition usable herein include those dis- 
closed in JP-A-1 1 -1 1 6685. 

[0017] In a case where the simultaneous curing is 
20 adopted, it is desirable for the fluorinated polymer-con- 
taining adhesive composition to contain silica. In partic- 
ular, it is advantageous that the viscosity of the 
adhesive composition be significantly different from that 
of the gel composition. In addition, it is desirable for the 
25 adhesive film to have a hardness of from 5 to 60 
degrees (measured in accordance with J IS A). When 
the hardness of the adhesive film is lower than 5 
degrees, the changes in temperature and/or pressure 
tend to cause the production of air bubbles on the 
30 periphery of the terminals, and further give rise to the 
growth of bubbles to crack the film. When the adhesive 
film has a hardness higher than 60 degrees, on the 
other hand, it tends to occur that the adhesive film can- 
not follow the temperature change to peel off the sur- 
as faces with which it was once in close contact. 

[001 8] The fluorinated polymer-containing gel seal- 
ant 8 for the present pressure sensor unit is prepared by 
curing a thermally curable liquid perfluoropolyether 
resin composition. As mentioned above, the gel formed 
40 by curing a liquid perfluoropolyether resin composition 
is well-suited for a pressure sensor unit exposed to an 
acidic gas/water vapor mixture atmosphere. The gel for- 
mation is carried out by filling the housing 1 with the 
foregoing gel composition so that the fluorinated poly- 
45 mer-containing adhesive layer 7, the sensor chip 4 and 
the bonding wires 6 are all buried in the gel composition, 
and then heating the gel composition to a temperature 
of 200°C or below, preferably from 1 00°C to 200°C, for 
a period of several minutes to several hours. 
so [001 9] It is desirable for the gel formed by curing the 
forgoing gel composition to have a penetration number 
of from 1 to 100, measured according to JIS K 2220. 
When the penetration number of the gel is smaller than 
1 , the gel cannot relieve the stress caused by the tem- 
55 perature and/or pressure change the sensor unit has 
suffered; as a result, sensor characteristics are subject 
to fluctuation and, what is worse, breaks tend to occur in 
bonding wires. On the other hand, when the gel has a 
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penetration number greater than 1 00, the liquefaction 
thereof tends to occur when the gel suffers a change of 
pressure. 

[0020] Now, the present invention is illustrated in 
detail by the following example of the present pressure 
sensor unit. However, the invention should not be con- 
strued as being limited to this example. 
[0021] The entire disclosure of all applications, pat- 
ents and publications, cited above and below, and of 
corresponding Japanese application No. Hei 11- 
282430, filed on November 4, 1999, is hereby incorpo- 
rated by reference. 

EXAMPLE 

[0022] A pressure sensor unit shown in Fig. 1 was 
produced, wherein the upper part of each terminal 5 
was covered with a film of fluorinated polymer-contain- 
ing adhesive having a hardness of 25 degrees (SIFEL 
61 1 , trade name, a product of Shin-Etsu Chemical Co., 
Ltd.) and the housing 1 was filled with a fluorinated pol- 
ymer-containing gel material having a penetration 
number of 90 (SIFEL 819A/B, trade name, a product of 
Shin-Etsu Chemical Co., Ltd.) in a condition that the gel 
material completely covered all of the adhesive film 7, 
the sensor chip 4 and the bonding wires 6. This pres- 
sure sensor unit was soaked in gasoline or water for a 
period of 1 week, and then taken out. 
[0023] Each of the thus treated pressure sensor 
unit was tested on its endurance under a condition that 
it underwent the following pressure cycle and heating- 
cooling cycle at the same time. As a result, neither for- 
mation of bubbles nor appearance of cracks was 
detected in the gel sealant of each pressure sensor unit 
even after the those cycles were repeated 1 ,000,000 
times, based on pressure cycle. By contrast, the pres- 
sure sensor unit sealed with the gel alone produced 
bubbles and had breaks in bonding wires before those 
cycles were repeated 30,000 times, based on pressure 
cycle. 



ized in that the terminals are covered with a fluori- 
nated polymer-containing composition functioning 
as adhesive in at least an upper part thereof, and 
the encapsulant is a fluorinated polymer-containing 
5 gel material, wherein the composition as adhesive 

is similar in fluorinated polymer to the gel material. 

2. A pressure sensor unit according to claim 1, 
wherein said fluorinated polymer is a polymer 

10 formed from a thermally curable perfluoropolyether 
resin composition. 

3. A pressure sensor unit according to claim 2, 
wherein said thermally curable perfluoropolyether 

15 resin composition comprises (A) a straight-chain 
fluoropolyether compound containing an alkenyl 
group in each molecule and having a perfluoropoly- 
ether structure in the main chain, (B) a fluorine-con- 
taining organic silicon compound containing in each 

20 molecule a hydrogen atom bonded to a silicon atom 
and (C) a platinum group compound. 
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Pressure cycle: 2000 mmHg/2 sec - 1 00 mmHg/2 
sec cycle 

Heating-cooling cycle: 130°C/60 min - 40°C/60 min 
cycle 45 



Claims 



1. A pressure sensor unit comprising a housing, pres- 
sure sensor members installed therein which so 
include a mount the bottom of which is fixed to the 
inner base of the housing by means of an adhesive, 
a sensor chip firmly bonded to the top of the mount, 
terminals disposed on the inner base of the housing 
and bonding wires connecting the sensor chip to 55 
their respective terminals, and an encapsulant fill- 
ing the housing so that all the pressure sensor 
members are completely buried therein; character- 



4 



EP 1 091 201 A2 




